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@ B^erial Strains which produce irrcreased amounts Crf amino acids comprising Tmheir genome a mutation 
atf acting th© corresponding aminoacyKRNA synthetase conferring auxotrophy wtiich cannot be fully suppressed 
by addition of this amino acid into the culture medium in combination with mutations which destroy the negative 
regulation in the biosynthesis of the selected amino acid. 
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The present invention relates to the micrcb'rolosicaE industry and. more speoific:atly. it relates to a 
n>ethotit for preparing strains which produce amino acids. 

Amino acids produced by microorganisms find extensive use as feedstuff and food additives in the 
agricwtture and food industry, as components of various nutrient mi^aures for medlcaJ purposes and as 
9 reagents In the chomlcal and pharmaceutical industries. 

Known in the art are methods for prepanr^g strains which produce amino acids such as U-lysine. t- 
threonine, L-tsoleucine, L^line and the like by using various mutagens. The r^utting mutant stralr)s of 
microorganisms have specific genetically preconditioned detects in regulating metabolism and, due to such 
delects, they produce specific amino acids or release them into the nutrient medium. The required 
JO microorganism strains are produced by conventior>al methods based on the particular nutritive demand of a 
mutant <auxotrophy> or on resistance of a mutant with respect to one or another structural analogues of an 
amino acid inhibiting the growth of the parent strain. 

The amino acid production by known auxotrophic strains results from blocking the formation ol a by- 
product or a coinhlbitor amino acid, whfch participate in the negative control of the amino acid biosynthesis. 
76 Known are pantothenate auxotrophs of Escherichia coll, producing vafine (Maas W,K., Voget H.J. J, 
Bacterrol,, p.38S, 1953), homoserfr>e- re quiring strains of Corynebacterium glutamicum and Brevlbac- 

terium flavum^ producing lysine (Nakayama et al., J. Gen. AppL Microbiol., v.7, p.4l, 1d6l). isoteucine-, 
threonine-, or homoserine-requiring mutants of Arthrobacter parafftneus and Corynebactorium hydrocar- 
boclastus producing vaTine (U.S. Patent no. 3.700,556). 
so The amino acid production by mutant strains resistant to structural analogues ot amino acids results 
from removing the r^ative regutation of the amino acid biosynthesis (feed-back inhibition ot tfie key 
enzyme activity or repression of the corresponding enzyme formation by the end products). Known are the 
S-S-aminoethyl-L-cysteine resistant mutant of genus Brevlbacterium producing lysine (Sano K., Shiio I., J. 
Gen. Appl. Microbiol., v. 16, p. 373, 1^70, Shiio. et aU J- Biochem^ v. 68, p. 701, 1970). the amlno- 
90 hydroxyvaleric acid (AHV) resistant mutant of Escherichia coii producing threonine (Shiio t, Nakamoris., 
Agr. Slol. Chem,. v.33, p.1152. 1S60), AHV resistant mutant of the Brevibacterium producing threonine and 
the mutant of mfcroorganlsms belonging to the genus Brevibacterium or Corynebactorium resistant to 
amlnohydroxyvalarlc acid producir>g Isoleudne (U-S. Patent No, 3.767.52©), mutant strains of the g nnnm 
Brevibacterium and Corynet>acterlum having rosjstar>ce to 2-thiazolalanine which produce valine (U.S. 
30 Patent No. 3,883,888) mutant strains of Senatia marcescens resistant to isoleucine hydroxamate producing 
isoteucine (Kisumi. et al,. J, Bacterid., v. 110, p. 76T, 1872). 

l<nown aro Amino acid-producing ctr»Inc h^vrn^ rocJc*orK* U> amino sioid Ar^al^^uOO ■te^ttthtj' -.vith & 

nutriertt requirement which increases their productivity (U.S.Patent No. 3,893,888). Such amino acid 
producers remain auxotrophic and can grow only on media containing specific additives. 

as Known tn the art is also a method for preparing bacterial strains producing amino acids which is based 
on isolation of chromosome DNA fragments of a donor bacterium containing genes controlling the synthe^^s 
of a selected amino acid, combining them with a multicopy piasmid DNA molecule by in vitro manipulation 
and transforming with the hybrid DNA molecule obtained a recipient strain to yield a bacterial strain 
possessing Increased productivity (U.S. Patents Nos. 4,278,765; 4.391,907). According to this method 

ao chromosomal DNA fragments are isolated from a strain having a mutation which removes the negative 
regulation of selected amino acid biosynthesis. The recipient strains may be a specialty constructed strain 
or it may be the donor strain. 

However, no effective Escherichia coli strains producing isoleucine or valine were obtained by this 
method. 

45 A need therefore continues to exist for the development of a novel method lor prep^ing amino acid 
producing strains. 

Hitherto unknown are strains characterized by an increased production of an amino acid due to 
mutation in gerres coding for the corresponding aminoacyMRNA synthetase. 

The aminoacyl-tFlNA synthetases, or activating cr^zymcs, are particularly crucial elements in the route 
60 leading from amino acids to proteins. These enzymes catalyze the formation of activated amino acids, that 
is thetr attachment to one or more specific tRNA. 

In most cases there is but one aminoacyl-tRNA synthetase for each amino acid- So, only conditionally 
oxpressed mutations may t>e obtained. 

Mutants with aKered aminoacyHRNA synthetases were described in several papors r 
55 1 . Rolh J.R., and Ames B.N. J.MoI.BioL, v. 22. p. 325, 1566. 

2. Neldhardt F.C, Bacterlol. Rev.. 30, p. 701, 1966. 

3. Folk W.R. and Berg P.J, Bacteriol., v. 102. p. 163, 1970. 

4. laccarlno M.. and Berg P. J. Bacteriol., v. 105, p. 527. 1971. 
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5. Johnson E.M. ot al. J. Bacteriol., v. 129, p. 66, 1979. 
Some amInoacyl-tRNA synthetase nnutatlons manifest themselves as auxolrophy. This Is an unueual 
auxolrophy, t>ecause the defect is not in the formation of the amino acrd, but in Hs utinsation for protein 
synthesis. It was also communicated, that phenotypic eoppreeeion of !euch auxotrophic mutations may arise 
6 as a result of additional mutations which increase the biosynthesis and intracellular concentration of the 
conresponding amlr>o acid (1.4-$)- However, amino add producing strains constructed on the basis of 
auxotrophic amInoacyl-tRNA synthetase mutations and methods for their production were not known. The 
rote of such mutations in overproduction of amino acids by producer strains was not shown as weH. 

Jt is an object of tfw present invention to use aminoacyHRNA synthetase mutations tor preparing strains 
10 possessing enhanced capability of producing amino acids without additionai growth factors, more specifi- 
cally. strain d of Escherichia coti produdng isoleucine and valine. | 

These ana otf>er objects of the invention, which will hereafter become more readily apparent have t>een 
attained by development of a method for preparing strains which produce amino acids, wherein according 
to the present invention, a mutation affecting aminoacyi-tRNA synthetase which confers to cells auxotrophy 
J5 and which can be compensated only partially by addition of the jselected amino acid Into the cuhure 
medium i5 combined with mutations which remove the negative regulation ot the amir^o acid biosynthesis to 
give 8 strain having irK^eased productivity of the selected amino acid.{ 

This invention furtl^r relates to bacterial strairts having high productisnty for an amino add. comprfsing 
In its genome a mutation which affects the corresponding aminoacyl-tRNA synthetase confofrlng auxotrophy 
20 which can t>e suppressed partially by adding the respective am^i 
combination with one or more mutations which remove the negative 
amino acid. 

Mutations affectir>g aminoacyi-tRNA synthetases which manifest themsefves as auxotrophy have often 
decreased affinity {increased the Km [Michaelis constant (affinity Of substrate)]} tor the corresponding 

SS amino adds (3*4). Therefore the formation of the activated amino acids (the charging of the corresportdlng 
tRN/^ in their cells is decreased. Under this condition the transcription of ttie structural genes (operons) 
involved in the biosynthesis of these amino acids may markedly increased, if their expression is 
controlled by attenuation. This regulatory mechanism exists in many amino add operons of different 
bacterial species (Kolter Yanofslcy C. Ann. Rev. Genet, v. 16, p. 113, 1983; Matsul K. et al. Nucleic 

so Adds Res., v. 14. p. 101 13. 1988: Shimotsu H. el al. J. BacterioL. v. 166, p. 461, 1986; Kuroda M.i. et al. J. 
Bacteriol.. v. 107. p. 702* 1966). 

Besides, the decreased tRNA charging elevates the- Intracellurar - concentration of 
guanoslnetetraphosphate (ppGpp). which is Icnown to activate initiation of transcription of amino acid 
operons (Stephens, J.C. et al. Proc. Nat. Acad. Sci. USA. v. 7Z, p. 389, 1976; Cashel M. and Rudd K.E. In : 

35 Escherichia coli and Salmonella typhimurium; cellular and molecular l^iology (Vol. 2. Nefdhardt F.C., ed.) p. 
1410, ASM. Washington. 1887). 

Taken together those factors create the possibility for overproduction of the corresponding amino acid. 
This possibility can i>o reailzod if the negative regulation of the amino add. biosyrtthesis is eliminated. 

To obtain the high level ot expression of amino acid operons which is necessary for effective amino 

46 acid production, only those aminoacyl-tRNA synthetase mutations must t>e used, which cannot be fully 
suppressed (compensated) by addition of the corresponding amino add info the medium. These mutations 
may be produced by conventional processes for mutation induction such as by treating a prototrophic 
parent strain vWth N-methyl-N'-nitro-N-nitrosoguanidfne. The screening procedure should include selection of 
auxotrophic mutants, vi^lch can grow only slowJy on media containing high concentrations (3-10 mg/ml) of 

45 the corresponding amino acid, and cannot grow without it This procedure permits to obtain just tf» mutants 
with impaired aminoacyHRNA synthetases, because the auxotrophy caused by blocks in tiie amino acid 
biosynthetic pathway can be completely compensated by addition of tow concentrations (0.(X)$-0.05 mg/ml) 
of the amino add into the media. 

On the basis of the mutant strains addrtional mutations may be obtained which irkcrease intracellular 

60 concemration ol the corresponding amino add. by selecting (pseudo)reverianis, which can grow on media 
containing m amino add or containing low concentrations of the amino add. By using this procedure 
different mutations in the genes involved in amino acid overproduction may be induced, and step-by-step 
selection leading to increased amino add productivity may bo performed. The malntalnance of the defect in 
the aminoacyl-tRNA synthetase in revertants must have a positive effect on th^r productivity. Thus, 

S5 effective amino acid producing strains may t>e prepared. 

Besides, above mutations affecting aminoacyl-tRNA synthetases may bo introduced into the chro- 
mosome of the amino acid producers obtained by known procedures, including selection for analogue- 
resistance, by transformation, transduction, conjugation or protoplast fusion to increase their productivity. 
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Further, at>ov« mutation? affecting amincacyl-tRNA synthetases may be introduced into the chro- 
mo^me o} r^p^9nt grains, which are usod fQr tho construction of emtno &dd producers by recombinant 
DNA technique. 

By the method of th© pr^ent invon^n strains wof© constructed which pr^duoe valine and Isolegcine in 
€ higher yields than has been achieved by previously krK)wn methods using artificial mutant of Escherichia. 

Having g^rioralty described this invention, a further understanding can be obtained by reference to 
certain specific examples. 

Example i 

IP 

1 . Selection of the mutants requiring a high isoteudne concentration for their growth. 

Escherichia ooli strain K12 W3350 was treated wtth N-methyl-N'-nHro-N-nltrosoouanidirte and cultured 
with shaking in the presence of 10 mg/ml of L-isoIeucine at 37* C for 24 hours. The ceUs were then washed* 

76 resuspended in minimal medium supplemented with glucose (0.2 %) and incubated at 37' C. When a 
doublt'rvQ (A590) was obtained. 2000 unHs of penicillin per mi. were added, and after 3 hours irxAJbation at 
37 *C the cells were washed and spredd on minimal agar plates supplemented with 0^ % glucose and 10 
mg/ml L-isoleuclne. Isoleucine auxotrophs whidn can grow onty in the preaence of high isoteucine 
concerttration in the medium we»« selected using a conventiona) procedure. Three independent mutants 

so which have thus been isolated, are ; )ieS 2. UeS 17 and lleS 32, 

Table 1 «hows the optical densities (A59Q) of the 1 8 hours cultures of the isoleucine-requiring mutants 
grown on minimal medium supplemented with different tsoleucino concentrations. 

TABLE 1 



Strain isoleucine (mg/jol) 



0.00 0.01 0.05 1*0 3.0 5,0 



99 






Optical density 


(A590) 








40 


lies 2 


0.001 


0.18 


0.33 


1.10 


1 


,30 


1.60 


lies 17 


0.001 


0.013 


0.04 


0.11 


0 


.41 


0,76 




lies 32 


0.001 


0.14 


0.29 


1,00 


2 


. 00 


2.00 




VL 330 


0.001 


0.93 


1.70 


1,60 


1 


.40 


1.40 


45 


W 3350 


1.50 


1,70 


2.00 


2,00 


2 


.00 


2.00 



The regular Isoleucine auxotroph VL 330 <itvA) reaches the maximum OD at 0.005 mgAnI of Isoleucine In a 
50 growth medium. The mutants HeS 2, lleS 17 and lleS 32 require much higher isoleudne concenlration for 
their growth. f=urthermore, the mutant lleS 1 7 grew slowly even in the presence of 5 mg/m! of isoleudne in 
medium. 

Genetic data had shown that mutations conferring isoleudne auxotrc^hy to the lleS strains were 
mapping on the Escherichia coti chromosome between threonine and leucine operons where the gene 

i^. l^^l «..lan&IA « !^ 1.^^...^ 1-^ A ^1. . ^..t^Aklit 

activities in the lleS 2 and tIeS 17 strains measured by known method were 43 % and 37 % of the 
respdctfvo activity in th^ nar^rit.£!raJaf=KcJ>«j^r:hla-crtiLW.,?l^^ 
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2. Selection of tho mutants requiring hi^h vaJli^ conceiYti'atiort-forthi&Jr gi'Owu'i. 

Strain of Escherichia coli VL1S02 (vaJR, pyfB::TnS). W 3350 derivative, was treated with N-methyl-N'- 
nitro-N-ntiro«o0uartidine and cultivated with aeration in the presence of 10 nrtg/ml of L-vallne ad 370 *C for 
5 30 hours.Then after two refunds of the penicilline enrichment procedure described above valine au>cotroph8 
were selected. About 20 % of colonies tested were valine-requirinQ. Nine independent ValS mutants have 
thus been isolated. 

Tabte 2 shows the optical densities {A590) of 20 hours cuttures of some ValS mutants grown on 
minin^al medium supplemented with valine In different concentrations, 

TABLE 2 



Strain valine (zng/ml) 



20 






0.00 


0 


.05 


0.2 


0.5 


l.O 


2.0 


5.0 


7.0 10.0 










Optical aensitv (A590) 






25 


ValS 


52 


0.005 


0 


• 01 


O.02 


0.03 


0.07 


0.16 


X-5 


1.8 1.4 




ValS 




0.01 


0 


.04 


0,07 


0.21 


O.SO 


1.8 


2*2 


1,9 1.5 




ValS 




0.02 


0 


.03 


0,04 


0.08 


0.15 


0.58 


1.9 


1.8 1.45 


30 


C600 

ilvc 


* 


0.01 


2 


-0 


2.2 


2.3 


2.2 


2.5 


2.3 


2.2 2.2 



^ * For this strain 0.1 mg/ml of isoleucine was added together 
with indicated valine concentrations 

Afl the mutations conferring valine-requiremenl to ValS mutants were cotran&duced with hlQh frequency 
40 by phage pi with pyrB::Tn5 marker {82 - 96 %), This result Indicates that ^ey are located in the same 
region where known valS mutations were mapped. Activity of vaiyHRNA synthetase was measurecf by 
known methods in several ValS mutants and found to be decreased. In Val$ 52 mutant it was onJy 16 % of 
ttie respective activjty in the pareni strain. 

Thus, by using the described procedure mutants impaired in aminoacyl-tRNA synthetase activities can 
46 easily be selected. 

3. Measuring of guanosinetetraphosphate level in IleS 17 mutant 

Dunng the balanced growth HeS and ValS mutants may have decreased levels of charged isoleucyh 
so tRNA or valyl-tRNA due to reduced activity of the corresponding aminoacyMflNA synthetase. This must 
lead to the increased formation of guanosir>etetraphosphate (ppGpp). So intracellular ppGpp concentration 
was measured by using a known method in the TleS 17 mutant and in the parent strain W3350 grown in 
minimal medium supplemerrled with isoteucirw* 

59 
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TABLE 3 



Strain 


Isoieudne concentration in 


ppGpp pmote/A450 




medium (mg/ml) 




W3350 


2 


35 


iiesir 


2 


140 




3 


105 




5 


55 




10 


30 



Th^ restiits pr©«QntecJ in table 3 show that w^er the sam© growth conditions the ppGpp concontration 
in lleSl7 mLrtant is four times higher than in the strain W3350. Besldos, the ppQpp level was dependent on 
t5 iso leucine concentrsiion in growth medium : the higher was the iao leucine concentration the lower was the 
level of ppGpp In He Si 7 celts. 

4. Determination of threonine deaminase activity in lioS mutants. 

20 Isoleucine and valine production by Escherichia coli strains must depend on the levoJ of ilv-operon 
expression. To determine the effect of ileS mutetions on expression of ilvGMEDA operon the ttireonine 
deaminase activity was measured by known me^od In ileS mutants grown on medium supplemented with 
Isoieudne in low (0.01 or 0.05 mg/ml) and high (5^) concentrations (Table 4). 

2S TABLE 4 



39 



Strain 


Iso leucine concentration in 


Relative threonine 




medium (mg/ml) 


deaminase activity (%) 


ileSS 


0.01 


757 




6,20 


87 


lies 17 


0.05 


658 






369 


IleS 32 


0.01 


682 




S.20 


122 


W3350 


0.00 


100 




5^20 


26 



The results presented in Tabie 4 show that the enzyme activities in the lieS strains were higher ^an in 
the parental strain W3350 under different growth conditions. It can also be seen that in the presence of 5.20 
mg/ml of isoleucine in medium the highest threonine deaminase activity was In the IleS 17 mutant (14 times 
higher than in the W3350>. 

4S 

Exampte 2 

1. Selection of revertants of IJeS strains which produce isoleucin©. 

so The strains lteS2, lleSi 7 and lleS32 were treated with N-methyl-N'-nitro-N-nitrosoQuanidine, spread on 
ihe plates containing minimal medium supplemented with qj2 % glucose or 0.2 % glucose and 3 mg/ml 
threonine and cultured for 48^72 hours. The revertants which appeared were tested for their ability to 
excrete Isoleuclno into a medium and to feed the lawn of isoteucine'requiring mutant llvA (syntrophlsm test. 
Table 5)- 

S9 
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TABLE 5 



Parent strain 


Number of revertants le&ted 


Number of ieoleucine 






excretore 


ties 2 


50 


14 


lies 17 


100 


as 


lies 32 


75 


24 



ito 



99 



99 



60 



S6 



Thus, using the lleS mutants isoleudne producing strains can easily be obtained. 

Threonine deaminase activity aryd Hs inhJbttion by the end product was determined in revertants excreting 
isoleucir»e. In most of them the enzyme was not inhibited by 1 mM of isoleucine. Furthermore, in the 
revertant Rev 7434 (derivotiy© of HeS 2) rtireoniri© dwnlnase was completely inseneit'v© to inhibition by th© 
end product. 

Genetic and nucleotide s^uence analysis ot R©v 7434 had shown that th© mutation contening 
resistance to the inhibition was in the ilvA gene coding for threonine deaminase OlvA7434 mutation). 

2. Construction of ih© isoloucin© producing strain containing vaJR. ilvA7434. and lie Si 7 mutations. 

The strain Rev 7434 as well as other escherichia coli K12 strains contains a mutation in the UvG gene 
which decreases the ih/GMEDA operon expression. To eliminate this detect spontaneus valine-feslstant 
mutant of this strain was obtained by plating it on agar minima! medium supplemented with glucose {OJZ %) 
and L-vallne (1 mg/ml). Thus ValR strain VLIBSe was obtained which contains a mutation conlorring valine- 
resistance located in the ilvGt^EDA operon. Phage PI grown on the strmn VL1886 was usod for 
transduction of the strain VL334 (thrC ilvA). On minimal medium supplemented with glucose (0^ %) and 
thneonin© {0.05 mg/ml) lie + transductants w©r© selected. Over 90 % of them v*rere vatine-resistant and had 
threonine deaminase insensitive to inhibition by isoteucin©. Thus Ih© strain VLt887 CthrC ilvA7434 vaIR) was 
obteJncMj. Thon phage Fl grown on iioS 17 was used lor transducllon of th© strain VU1867. On minimal 
medium supplemented with gJucose Thr + - transductants wer© selected. About 50 % Of th©m grew Slov^ly, 
and their growth was stimulated by isoioucine. These were transductants w^ich received il©S 17 mutation. 
Thus the strain VL1892 was constructed which contains simultaneously varR. ilvA7434, and ileS 17 . 
mutations. This strain had an elevated level of isoleoclne-anseositiv© threonine deaminase which was from 6-. 
to 10 times highor than In Rev7494. Th© syntrophismi^©^ showed that th© strain VUe92 produces - 
isoleucine. 

3. Construction of th© isoleucine producing strain contalntng llv-operons in a low cop^y numl^er pfasmid. 

The strain AB 1206 harbours a low copy numtjer ptasmid P14, which contains a chromosome fragment 
with ilv-c^rons and a corresponding chromosome deletion. Phage PI grown on VL18d6 was used for th© 
transduction of A8 t206. Th© transductants were selected on minrmal medium supplemented with glucose 
(0.2 %} and valine (i mg/m|). Thus the strain KX 139 was obtained in which the F14 plasmid contains the 
vaiR and ilv7434 mutations (that was established by measuring threonine deaminase activity by a known 
method). Th© plasmid can b© transferred by conjugation in drfJerenl Escherichia coli strains, mor© specially, 
in ii©$ 17. Howevor. in R©cA+ strains tt might b© unstable because of the frequent integration into th© 
chromosome. Therefor© th© recA mutafton was introduced into the chromosome of IleS 17 strain by using 
the Known conjugation procedure from th© strain NKe659 (Hfr KL16 srl:;TnlO recA). Recombinants wer© 
obtained on L-broth agar m©dium supplemented wr»i tetracycline (0.01 mg/ml) and among them the UV- 
sensitiv© lies strain was selected. Thus th© strain KX140 having genotype IleS 17 recA was prepared. The 
plasmid P14 (vaiR i!v7434) was introduced into th© cells oi KX140 by conjugation to obtain the strain KX 
141. The syntrophism test showed that this strain produces rsoleuclrw. 

4. Production of L- isoleucine by ttie novel L-isoleucine-producingstrains. 

Th© strains of Escherichia coli Vt 1892 and KXl4l were inoculated by loop from the slant of an 
agarized Mg medium into Ertenmeyer flasks each containing 50 ml of L-broth (containing 10 g/l pepton©. 5 
g>1 yeast extract, 1 g/l glucose and 6 g/l NaCI. pH 7.2). After inoculation the flasks were placed on a rotary 
shaker (200 r.p.m.) snd Incubated for 18 hours at the temperature of 37*C. The thus prepared material was 
used as a seed culture. 
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A main culture medium, containing 30 g/I glucose, 5 yn uinrnuniunt sunauj. S y/l KarirC*, 0.4 y/'i 
MgS04.7H20, 0.02 g/I FeSOiTHiO. 0,02 g/I MnSOi.SH 0. 2 g/I yoaal autolysate, 1 g/I L-threonine was 
pr©par©d. 

300 ml of the medium was placed In a 0.5 I jar-fermentor and sterilized at 121' C for 16 min. The 
5 medfum was Inoculatd with 30 ml of the seed culture obtained above and cultivated with stirring at 900 
r.p.m. arid introducing 1 :1 volume of air p6r minute. The pH of ttte medium was maintained automatically at 
around 72 by feeding on pH-monitor signal the mixture cor^t^ning in ratio 10;7:1 10 % solution of 
threonine, 60 % solution of glucose, and 26 % solution of ammonia. 

Th© fermentation was performed for 46 hours. By the end of fermentation the culture medium with 
10 VLia92 contarnod 8 - 13 gjl of isoieuclne. and the culture medium with KX 141 contained 11 - 17.8 g/1 of 
isoleucine. The strain KX 141 has been deposited In the All-Union Collection of Industrial Microorganisms in 
VNIIGENETIKA (USSR) as VKPM B-4781. 

Example 3 

1. Selection of the revenants of lleS 32 VaIR strain which produces L-vaiine. 

To obtain L-valine prodycors the strain hartxHJring both lieS and valR (llvG) mutations was constructed. 
The vaiR (ilvG) mutation restores the activity of the vaflne-reststant AHA$ II - the key enzyme in vaJine 

20 biosynthetic pathway, which is detective in the strains o! E. coli By sequentia] phage Pi -mediated 
transduction mutation vaIR from the strain CeOO valR (resistant to 1 mg/m! of valine) and mutation ileS 32 
from th© strain IleS 32 were introduced into tho chromosome of the strain VL334 (thrC ilvA), On the piates 
of agar minimal medium M9. containing glucose (0.2 %) and valln© (2 mg/ml) VaIR transductants were 
selected, and on the plates of this medium containing isoleucine (2 mg/ml) Thr + IleS transductants wer© 

2S obtalned- 

TTtus the strain MeS 32 VaIR was constructed. Then the revertants of this strain were selected by plating 
it on IA9 medium containing no isoleucine. The colonies which appeared were testod for their ability to feed 
the lawn of isoleucine and valine retjuiring £. coli strain on minimal medium M9 containing Isoleucine <0.05 
nrHg/ml). Thus valine excreting strains RevS35, Rev83d and Rev 874 were ctotained. 
so By using phage Pi- mediated transduction it was found that all erf the revertants contained ileS mutation 
which can bo transferred in different Escherichia coli strains. 

2. Production of L-yaline by the (pseudo)rovoJtants. 

as The ability of the strains obtained to produce L-valine was tested by fermentation in tubes. The 
femnentation medium contained SO g/I glucose, 10 gA ammonium sulfate; i g/l KaHPO. 0.4 g/I MgS0*.7H40^ 
0,02 g/1 FeS0*.7H*0, 0.02 g/1 MnS04.5KiO and 20 g/I CaCOg (separately sterilised) and the pH was 
adjusted to 7.2. 

Three mi batches of the fermentation medium were placed in 20 mm tut>es inoculated with on© loopful 
40 Inoculum of the test strain cells, and cultivation was carried out for 46 hours at 37* C. 

The amount of L-valine in the supernatants of the fenmentation broth is shown in Table 6. 

TABUe 6 



Strain tested 


L-valir)e produced (g/1) 


Rev 836 
Rev 839 
Rev 674 


4^ 
1.2 

5,6 



3. Construction of the effective L-vallne producers 

To obtain more effective L-valin^ producers and to firKJ out the role of lieS mutations on valine 
production isogenic lleS+ and IleS- were constructed on the basis of Rev 874. Phage Pi, cultured on the 
cells of donor strain NK 6066 (thr:;Tn9) was used for transduction of thr::Tn8 into the chromosome of the 
Rov 674. The transductants were selected on U-broth agar plates, containing chloramphenrcol (10 ixg/ml). 
Among them thrx^onino-re^uiring strain VL 1966 fast-growing on minimal medium containing no isoleucine 
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(lleS+) was obtainwl. The cells of this strain woro iranscfuced by ph^g© Pi grown on HeS 17. The 
transductants were setectecJ on M9 minimal medium containing glucose (0.2 %) and leoieucin© (2 mgAnI). 
Among TTir+ recombinants two strains, VL1968 {»e$+) and VL1970 (HeS 17) were ob^ned- We tested the 
productivity of these strains as well as of the strain Rev 874 culturing them as described above. The 
s productivity was calculated as a ratio of valine concentration in culture medium to the optical density of the 
cultures. The results are pre&ented in Table 7. 



TABLE 7 



Strain tested 


lies allel 


Valine productivity g/|/OD560 


VL1968 
VL1970 
Rev 874 


ileS17 
Ue$32 


0.01 
0,76 
0.52 



It can be seen from Table 7 that ileS mutations markedly enhance the valine productivity of ^ coll 
valine producers. Besides, mutation iJeS17 which is only partially suppressed by addition of isoieucine Into 
the medium has a more pnsnounced effect on tiie vaJine productivity. The more effective valine producer 
strain VL 1970 was constructed by combining In one bacterial genome mutalion(s) in llv operon. which have 
positive effect on the valine production, with mutation lloSI?, which Impairs isoIeucyltRNA synthetase and 
can be suppressed only partialJy by addition of exogenous Isoleucine into the medium. 

4. Production of L-valino by the novel Escherichia coM strain VL1$70. 

E. coll VL1970 was cultivated at 37' C for 18 hours in Erienmeyer flasks with agiution (300 rpjn.) on 
the seed culture medium, ft was minimal medium M9 with glucose (i %). A main culti^e medium, 
containing 30 g/l glucose, 5 g/l ammonium sulfate^ 2 g/t K»HPOk, 0-4 g/l MgSOf.7H20. 0.02 g/l 
FeSO*.7H20, 0.02 g/l MnSOi.5H20, 0.6 g/l NaCI and 0^ g;1 yeasl autolysate, pH 7.2 was prepared- 

300 mi of the medium was placed In a 0.S litre jar-fermentor and sterilised at 121 'C lor 15 mirujtes. 
The medium was Inoculated with 30 ml of the seed culture obtained above* and cultivated at 37*C with 
stirring at 900 rotations per minute and introducing 1:i volume of air par minute. The pH of the medium was 
maintained automatically around 7-2 by introducing (n the fermentor on pH-monhor signal a mixture 
containing 50 % glucose and 26 % ammonia in a ratio of 6:1. The fermentation was porfonned for 46 hours. 
By the end of fermentation the culture medium contained from 8^ to 10.6* g/l of valine. This was 7 times 
more than obtained by using E. coli i;tr^n constructod by racombinant DMA technique. 

The strain VL1970 has been deposited in the Ail-Union Collection of industrial Microorganisms In 
VNHGENETIKA (USSR) aS VKPf^ B-441 1 , 

Claims 

1, A bacterial strain having high productivity for an amino acid, comprising in its genome a mutation which 
affects the corresponding aminoacyl-tRNA synthetase confening-auxotrophy which can be suppressed 
partially by adding the respective amino acid to tine culture medium, in combination witii one or more 
mutations which remove the negative reguiation in the biosynthiesis of said amino acid. 

2. L~isoieucino or L- Valine producing strain according to claim I, 

a A twcterial strain according to claim 1 or claim 2. which belongs to the genus Escherichia coli. 

4. L-lsoleucine producing mutant strain Escherichia coli VKPM B-4781 deposited in Vnii(3enetika. 

5. L-Valine producing mutant strain Escherichia coli VKPM B-441 r deposited in VNIIGENETIKA. 

6. A method for constructing a bacterial strain having high productivity for an amino acid according to any 
of the claims 1 to 5. which comprises introducing in the genome of a bacterial strain a mutation which 
affects the corresponding amInoacyl-tRNA synthetase conferring auxovophy which can be paniaily 
suppressed by adding the respective amino actd to the culture medium in combination with one or 
more mutations which remove the negative regulation in the biosynthesis of said amino acid. 
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7. A method according to claim 6, wherein the mutation which removes the negative regulation in the 
btosynthedrs o1 said annino add is obtained as <pseudo)revertant of the mutant affecting the cor- 
responding aminoacyl-tHNA synthetase. 

6 &. A process for producing L-isoieucine by cuUuring an L-isoleucine producing mutant according to any of 
the claims 1 to 4 In a nutrient medium and isolating L-isoleucine from the culture broth. 

9. A process for producing L-valine by culturing an L-vaFine producing mutant according to any of the 
claims 1 to 3 or 6 in a nutrient medium and isolating L^aFlne from the culture broth. 
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